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CALIBRATION TECHNIQUE FOR PRODUCTION
MASS AIR FLOW SENSOR FLOW STANDS

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to the field of mass air flow
sensors and in particular to a production line test appa-
ratus.

2. Prior Art

As part of the normal production process, mass air
flow sensors must travel along the production line. In
the prior art it was known to test electronics for, first,
response time and, second, hot wire temperature set.
However, it was not considered to be critical that air
flow be controlled during the tests and setting of the
parameters. That is, typically air flow was not con-
trolled accurately and there was no measurement of air
flow. These are some of the problems this invention
overcomes.

During the initial stages of the production process,
the mass air flow sensor’s electronics module and sens-
ing elements are assembled outside of a cast sensor
housing. This initial assembly takes place along a pro-
duction line on a production mass air flow sensor car-
rier. The mass air flow sensor electronics module and
mass air flow sensor total assembly must be air flow
tested at various stations on the production line during
this imitial assembly. At these air flow test stations, there
are production air flow stands that are setting and mea-
suring air flow rates with extreme accuracy. To main-
tain this level of accuracy, periodic air flow calibrations
must take place. It would be desirable to have a calibra-
tion carrier for production mass air flow sensor flow
stands to accomplish this task. The calibration carrier
allows production air flow stands to be calibrated with
a high degree of accuracy, while in-process, this mini-
mizing flow stand down time.

During the final stages of the production process, the
mass air flow sensor’s electronics module and sensing
elements are mated to the sensor’s housing. This final
production process takes place on a production pallet.
The mass air flow sensor must be air flow tested at
various stations on the production line during this final
assembly. At these air flow test stations, production air
flow stands set and measure air flow rates with extreme
accuracy. To maintain this level of accuracy, periodic
air flow calibrations should take place. Such calibra-
tions have typically not been done or have been done by
taking the air flow stands off the production line. The
calibration is then done in a laboratory. It would be
desirable to calibrate production air flow stands with a
high degree of accuracy, while in-process, and mini-
mize air flow stand down time. A calibration nozzle set
and fixtures for production air flow stands in accor-
dance with an embodiment of this invention accomplish
this task.

SUMMARY OF THE INVENTION

A carrier 1s used to carry mass air flow sensor elec-
tronics along the production line, and a pallet 1s used to
carry a completed mass air flow sensor assembly along
the production line. Both the carrier and the pallet can
be used for calibration purposes by carrying a calibra-
tion nozzle or calibration test fixture. ,

This invention uses calibration nozzles for fast, accu-
rate in-process calibration testing of mass air flow sen-
sor production flow stands. A calibration carrier uses a
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sonic nozzle as a measurement device to provide excel-
lent test-to-test repeatability, and has physical dimen-
sions identical to those of a production carrier so it can
travel on the production line, providing in-process cali-
bration testing, with minimum down-time. The repeat-
ability of the sonic nozzle with its critical flow venturi
1S what gives the calibration carrier its excellent accu-
racy and test-to-test repeatability characteristics.

This invention also allows for fast, accurate in-pro-
cess cahibration testing of a production air flow stand
during a portion of the production line carrying the
mass air flow sensor body. The calibration pallet for
carrying the calibration test fixture along the produc-
tion line 1s identical to the production pallet for carrying
the mass air flow sensor along the production line. Thus
the calibration pallet for the calibration test fixture can
travel on the production line providing in-process cali-
bration testing, with reduced down time.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a calibration nozzle set
and a production air flow stand in accordance with an
embodiment of this invention:

FI1G. 2 1s a side view of a calibration nozzle in accor-
dance with an embodiment of this invention:

FIG. 3 is a top view of a calibration nozzle in accor-
dance with an embodiment of this invention;

FIG. 4 is an end view of a calibration nozzle in accor-
dance with an embodiment of this invention;

FIG. 5 1s a top view of a calibration carrier in accor-
dance with an embodiment of this invention; and

FIG. 6 is a side view of a calibration carrier in accor-
dance with an embodiment of this invention.

DETAILED DESCRIPTION OF THE
INVENTION

Referring to FIG. 1, a production line test system 10
for a mass air flow sensor includes a carrier 11 for carry-
ing a mass air flow sensor to an air flow calibration
station 12. Calibration station 12 includes an air flow
system for providing a known quantity of air flow.
Typically, a variety of output flow nozzles at the output
of flow system 12 provide a precisely known air flow. A
vacuum source 16 (e.g. a pump) for providing air flow
is coupled through an air flow path 17 to a sonic nozzle
assembly 18 which has associated sensors 19. Sonic
nozzle assembly 18 1s coupled through an air flow path
20 to an air flow calibration station 21 which is in the
production line 24 of the mass air flow sensor. Air flow
calibration station 21 has associated sensors 22. A com-
puter 23 is coupled to sensors 22 and 19, calibration
station 21 and sonic nozzle assembly 18.

To determine air flow at calibration station 21 and at
sonic nozzle assembly 18 measurements of pressure,
temperature and humidity are taken and combined with
a known throat area for the nozzles passing the air flow
i accordance with the following calculation:

*
NE = PACC
NT
Whereln:
M = mass air flow
P = nozzle pressure
A = nozzle throat area These values determined
Cg = nozzle discharge by calibration lab when
coefficient nozzle 1s cahbrated

prior to installation
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-continued
| in flow system
C* = critical flow factor Equation that includes

the 1deal gas constant
for air and the humidity 5
of the flowing air

T = nozzle temperature

Calibration station 21 may used for testing just the
electronic portion of the mass air flow sensor or the 10
entire mass air flow sensor. If just the electronic portion
1S being tested it is desirable to have a special calibration

carrier which provides an air flow correlating to the air
flow that the electronic portion would receive if it were
part of a completed mass air flow sensor. If calibration 15

station 21 is used for testing the entire mass air flow
sensor then it is desirable to calibrate the station using a
nozzle of precisely known throat area inserted in a cali-
bration test fixture and carried by a calibration pallet
which i1s compatible with the production line when 20
production mass air flow sensors are being produced.
When this known quantity of air is provided, many
operations and tests can be performed on a mass air flow
sensor during its fabrication.

As can be appreciated, the successful operation of 25
system 10 depends on flow system 12 providing the
known air flow. Periodically, it is desirable to verify this
known air flow. To accomplish verification, either a
calibration carrier or calibration test fixture is used. For
portions of the production line that use a carrier to 30
transport the mass air flow sensor electronics, a calibra-
tion carrier 1s used. For portions of the production line
that use a pallet to transport the mass air flow sensor as
mated to 1ts housing, a calibration test fixture is used.

Referring to FIGS. 5 and 6, a calibration carrier 70 35
includes an air flow passage 71. Coupled to air flow
passage 71 1s a sonic nozzle 72 for passing air in a con-
trolled manner. Calibration carrier 70 includes a bar
code label 73 which can be used to identify the carrier
and the particular sonic nozzle. Carrier 70 at each end 40
of the air flow passage 71 has a sealing surface 74 for
coupling to the remainder of the air flow path.

In accordance with an embodiment of this invention,

a calibration carrier is used to establish a flow rate and

measure the air flow. A stand for measuring flow 45
clamps to the calibration carrier and it measures flow. If
the flow 1is not correct then a possible cause is that there
1s a leak in the system and the leak should be corrected.

In operation, the calibration carrier is placed onto the
mass air flow sensor production line 24, upstream of the 50
production flow stand to be tested. As the carrier enters
the production flow stand’s material handler, its bar
code label 1s read. Upon reading the identifying bar
code label, the flow stand determines that this is a cali-
bration carrier, and initiates a flow stand air flow cali- 55
bration test procedure. First, based on the identifying
bar code label, the calibration data of the sonic nozzle
inside the calibration carrier, is retrieved from memory
of computer 23. Second, the calibration carrier is lifted -
and located into test position by the production flow 60
stand’s material handling system. Next, the production
flow stand mates its air flow equipment with the calibra-
tion carrier’s two air flow passage sealing surfaces.
‘These surfaces are used to provide a sealing surface for
the air flow equipment’s o-ring seals. Then the produc- 65
tion air flow stand starts the air flow.

Once the calibration carrier’s nozzle is operating at
critical sonic flow, the air flow rate into the production

4

flow stand is set. Then by comparing the calculated
flow rate of the calibration carrier’s sonic nozzle with
the flow stand’s calculated flow rate, the calibration of
the production flow stand can be determined. The time
needed to perform this air flow calibration, is about the
same as a normal production air flow test sequence.
Thus the flow stand can be calibrated, in-process with a
minimum of down time.

Referring to FIGS. 2, 3 and 4, nozzle assembly 15
includes calibration test fixture 120 which is mounted
on a calibration pallet 121 and supports calibration noz-
zle 122. An O-ring 123 is mounted around calibration
nozzle 122 to provide sealing. For identification a bar
code label 124 1s attached to calibration test fixture 120.

The outside physical dimensions of calibration test
fixture 120 are identical to a mass air flow sensor being
produced on the production line. There are as many
different calibration test fixtures as there are different
mass air flow sensors being produced. Then a calibra-
tion nozzle is selected and placed inside of the calibra-
tion test fixture. As the calibration nozzle is placed
inside of the calibration test fixture, an o-ring contained
in the calibration test fixture is compressed, thus provid-
ing an air tight seal. The calibration nozzle’s bar code
label 1s then attached to the calibration test fixture to
provide easy identification of the nozzle. The calibra-
tion test fixture 1s then placed on the calibration pallet.

In operation, the calibration test fixture is placed onto
the mass air flow sensor production line, upstream of
the production flow stand to be calibrated. As the cali-
bration test fixture enters the production flow stand’s
material handler, the bar code label of the calibration
test fixture is read. Upon reading this unique bar code
label, the flow stand determines that this is a calibration
test fixture, and 1nitiates a flow stand air flow calibration
test procedure. First, based on the unique bar code
label, the calibration data of the calibration nozzle is
retrieved from memory. Second, the calibration pallet is
lifted and located into test position by the production
flow stand’s material handling system. Next, the pro-
duction flow stand mates its air flow equipment to the
calibration test fixture, as it would for any mass air flow
sensor being air flow tested. ‘Based on the calibration
nozzle selected, the flow stand’s computer will select a
sonic nozzle or combination of some nozzles, from it’s
sonic nozzle chamber, to be calibrated using the calibra-

- tion test fixture. Then the production flow stand starts

1its air flow calibration.

The test sequence has been described and can be
repeated with different calibration nozzles, such as to
calibrate each individual sonic nozzle in the production
flow stand, along with numerous sonic nozzle combina-
tions. By changing the calibration test fixtures, the flow
stand’s air flow equipment integrity can also be verified
by comparing the calibration results of the different
calibration test fixtures.

As long as a sonic nozzle is at a critical sonic flow
condition, its air flow rate will be constant. Given that
a sonic nozzle is a calibrated measurement device, by
using highly accurate pressure and temperature trans-
ducers to measure upstream pressure and temperature,
the mass air flow rate through the sonic nozzle can be
calculated with a high degree of accuracy. Selecting
nozzles with different throat areas will change the
amount of air passing through the nozzle system. A
downstream pressure measurement is used to monitor if

the sonic nozzle is operating at sonic flow conditions.

The flow stand’s pressure and temperature sensors are
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used during calibration testing. A barometric pressure
transducer provides an upstream pressure measurement
of calibration sonic nozzle. A nozzle chamber pressure
transducer provides a downstream pressure measure-
ment of calibration sonic nozzle and upstream pressure
measurement of flow stand sonic nozzle(s). A vacuum
pump pressure transducer provides a downstream pres-
sure measurement of flow stand sonic nozzle(s). An
ambient air temperature transducer provides an up-
stream temperature measurement of calibration sonic
nozzle. A nozzle chamber temperature transducer pro-
vides an upstream temperature measurement of flow
stand sonic nozzle(s). A downstream pressure measure-
ment 1s used to monitor if the sonic nozzle is operating
at sonic flow conditions.

Various modifications and variations will no doubt
occur to those skilled in the arts to which this invention
pertains. Such variations which generally rely on the
teachings through which this disclosure has advanced

10

15

the art are properly considered to be within the scope of 20

this invention.

What 1s claimed:

1. An apparatus for calibrating a production air flow
stand of a mass air flow sensor production line, the
production air flow stand generating a predetermined
air flow for testing the mass air flow sensors, the appara-
tus comprising:

an air flow calibration test fixture for producing a

calibrated mass air flow, said air flow calibration
test fixture receivable on the mass air flow sensor
production line upstream of the air flow stand and
carried by the mass air flow sensor production line
into the production air flow stand;

measuring means responsive to said air flow calibra-

tion test fixture being received in the production air
filow stand for measuring an actual air flow in the
air flow stand; and

comparison means for comparing said calibrated mass

air flow and said actual air flow in the air flow
stand to determine an error when the calibrated
and actual air flows are not the same.

2. The apparatus as recited in claim 1 wherein said air
flow calibration test fixture includes:

an adapter carrier mountable on the mass air flow

sensor production line which normally carries the
mass air flow sensors; and

a calibrated nozzle attached to said adapter adapted

to mate with the production air flow stand, said
calibrated nozzle capable of producing said cali-
brated air flow.

3. The apparatus as recited in claim 2 wherein said
calibrated nozzle is a sonic nozzle.

4. The apparatus as recited in claim 1 wherein said air
flow calibration test fixture includes:

a calibrated nozzle adapted to mate with the produc-

tion air flow stand.

5. A method of testing a mass air flow sensor produc-
tion flow stand disposed along a mass air flow sensor
production line, including the steps of:

providing a calibrated nozzle adapted to mate with a

production carrier for a mass air flow sensor, said
calibration nozzle operative to produce a cali-
brated air flow;

providing the production flow stand with a first sonic

nozzle having a predetermined throat area for sup-
plying a predetermined amount of air flow through
the production flow stand;
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mounting said carrier on the mass air flow sensor
production line upstream of the production flow
stand;
transporting said carrier on said mass air flow sensor
production line into said production flow stand;

calculating the mass air flow provided by said cali-
brated nozzle to generate a calculated mass air
flow:
passing the mass air flow provided by said calibrated
nozzle through the production flow stand;

measuring the mass air flow passing through the pro-
duction flow stand using said first sonic nozzle to
generate a measured mass air flow;

comparing said measured mass air flow passing

through the production flow stand to said cali-
brated mass air flow; and

determining that the mass air flow through produc-

tion flow stand is out of calibration when the mea-
sured mass air flow passing through the production
flow stand is not the same as said calibrated mass
air flow.

6. The method of testing as recited in claim 5 further
comprising the step of:

changing the size of the throat area of said first sonic

nozzle to change the amount of air passing through
the flow stand.

7. The method of testing as recited in claim 6 wherein
the step of measuring the mass air flow passing through
the production flow stand includes the steps of:

measuring the air pressure upstream of said first sonic

nozzle;

measuring the temperature of the air in the air flow:

measuring the humidity of the air in the air flow:;

determining nozzle throat size of said first sonic noz-
zle;

retrieving the calibration data of said first sonic noz-

zle from a computer memory; and

calculating said measured mass air flow based on the

pressure of the air, the temperature of the air, the
humidity of the air, and the throat size of said first
sonic nozzle.

8. The method of testing as recited in claim 5 wherein
the step of calculating the air flow provided by the
calibrated nozzle includes the steps of:

measuring the pressure of the air upstream of the

calibrated nozzle: |
measuring the temperature of the air passing through
the calibrated nozzle;

measuring the humidity of the air passing through the

calibrated nozzle;

determining nozzle throat size of the calibrated noz-

zle; -

retrieving the calibration data of the calibrated nozzle

from a computer memory; and

calculating said calibrated mass air flow based on the

pressure of the air, the temperature of the air, the
bumidity of the air, and the throat size of the cali-
brated nozzie.

9. The method as recited in claim 8 wherein said
calibrated nozzle is a second sonic nozzle coupled to an
air flow passage of the production flow stand.

10. The method as recited in claim 9 wherein the step
of calculating the mass air flow based on the pressure of
the air, the temperature of the air, the humidity of the
air, and throat size of said second sonic nozzle, includes
solving the equation:



NT

wherein:

M = calculated mass air flow
through said second sonic
nozzle

P = air pressure upstream
of said second sonic nozzie

PAC/C*
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-continued

the throat area of said
second sonic nozzle

the discharge coefficient
of the second sonic nozzle
critical flow factor of

the second sonic nozzle

the temperature of the
air through the second
sonic nozzle.

These values determined
by calibration lab when
nozzle is calibrated prior to
installation in flow system
Eguation that includes

the 1deal gas constant

for air and the humidity

of the flowing air
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